Inadequate data have existed concerning cattle preferences for fourwing saltbush [A&&h canescens (Pursh) Nutt.] on ranges where it is dominant, and concerning composition of cattle diets on the central shortgrass plains. In this study, food habits of cattle were estimated from fecal analyses on winter and summer pastures contalnlng either abundant or sparse fourwing s&bush (s&bush). The abundant saltbush was on overflow and/or sandy phtlns range sites; sparse saltbush was on loamy plains range sites. Saltbush was a major con&&tent of cattle dleb where abundant. The proportion of saltbush in winter diets peaked during March (55%) and declined during April. Saltbush was absent from summer diets during July, peaked during August (42%), and declined abruptly during September. Where abundant, saltbush was also the primary con&u@ of the forb-shrub_component of diets during both winter (X=72%) and summer (X=44%). Deleting saltbush from the dafa, cattle foods consumed on pastures with sparse and abundant saltbush were correlated (0.84) during summer, but were not correlated (0.25) during winter. Relative to species frquencies in pastures, cattle diets on loamy plains range sites (sparse saltbush) contained notably larger portions of sedges (Carex spp. L.), goosefoots (Chenopodium spp. L.), and fringed sagewort (Artemisio frigid0 WiUd.), during winter and goosefoots and scarlet globemallow [Sphaeralcea coccinea (Nutt.) Rydb.] during summer, than diets on sandy plains and overflow sites (abundant saltbush). Saltbush is a preferred and valuable forage for cattle on the central shortgrass plains, and it should be managed to maintain or improves its productivity.
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other shrubs (Pieper et al. 1959 , Cook and Harris 1968 , Sims and Taylor 1973 , Cordova and Wallace 1975 , but its digestibility during dormancy may not compare well with that of grasses under some situations (Sims and Taylor 1973) .
On ranges where abundant, saltbush should ameliorate forage shortages, e.g., during droughts and snow covers (Foster et al. 1921 , Plummer et al. 1966 , Pieper and Donart 1978 . By adding species diversity, saltbush should improve the quality of cattle diets (Herbel and Nelson 1966 , Plummer et al. 1966 , Cook and Harris 1968 , Pieper and Donart 1978 .
Saltbush has other noteworthy attributes. It provides a microenvironment where other species can produce more herbage and protein and can become established and survive more successfully than in its absence (Monsen 1980, Rumbaugh et al. 1982, Laycock and Shoop unpublished data) . Fairchild and Brotherson (1980) reported greater levels of some minerals beneath saltbush plants than between them. Saltbush has been reported as a secondary or facultative selenium accumulator (Fleming 1920) , and perhaps it could accumulate toxic levels of selenium from depths below roots of associated species (Foster et al. 1921) .
Data are lacking or inadequate for cattle dietary preferences on shortgrass range in the Central Plains relative to winter-use, sandy plains or overflow range sites, summerlong grazing, or moderately grazed pastures. The most comprehensive of the earlier studies reported esophageal and fecal data collected during June through August of 2 years and December of 1 year from heavily and lightly grazed summer pastures at the Central Plains Experimental Range (CPER) (Rice and Vavra 1970 , Vavra et al. 1977 , Vavra et al. 1978 . These studies were conducted in pastures primarily on a loamy plains site, but that included a small, plains swale site that produced considerable western wheatgrass (See Table 1 for Latin names of species). Kautz and Van Dyne (1978) used the foregoing studies and a limited amount of associated data to report mean percentage consumption of each species detected in diet samples. Hansen and Gold (1977) reported mean seasonal dietary composition of a limited number of species at CPER as determined from fecal samples collected intermittently from various range sites, some of which included revegetated abandoned cropland. Quinton (1972) reported 2 years of data for 6 plant species and categories on 2 pastures on a loamy plains range site near Akron, Colo.
The primary objective of this study was to determine the importance of saltbush relative to other forages in the diets of cattle on winter and summer pastures on the central shortgrass plains. A secondary objective was to help characterize cattle diets on the shortgrass range of northcentral Colorado, especially for winter pastures and summer pastures on sandy plains range sites.
Methods
This study was conducted about 15 km northeast of Nunn, Colo., on the CPER where saltbush is abundant on overflow and sandy plains range sites, but is sparse or nonexistent on loamy range sites (Hyder et al. 1966) . Blue grama is the dominant grass. Other important species on the sites are listed in Table 1 .
During the 1976-77 forage year, April through September precipitation was 96% of the long-term average of 25.0 cm; October through April precipitation was 90% of the long-term average of 8.4 cm; and snowfall was typically sparse until late winter. Precipitation during the summer of 1977 was 84% of average with August and September having only 2470 of the average precipitation. Annual forbs were abundant both years. Diets of cattle on pastures with different amounts of saltbush were compared. Concomitantly, diets on different range sites were also compared. Separate trials were conducted on seasonal pastures grazed winterlong and summerlong. Each pasture contained 64 ha and was stocked to leave a herbage residue of about 340 kg/ ha at the end of the grazing season. Bement (1969) found this residue level sustained optimum cattle gains and herbage production.
The winter and summer trials were each conducted on 2 pastures. In each trial, saltbush was abundant on one pasture (saltbush pasture) and sparse on the other (herb pasture, Tables 1 and 2 ).
Each winter pasture had about 520 kg of grass per hectare and an undetermined amount of forbs and browse at the start of grazing.
Yearling heifers (initially 18 to 20 months of age) were introduced in November 1976 and remained until the end of April 1977. The saltbush pasture (located on sandy plains and overflow range sites) was stocked with 10 heifers, and the herb pasture (located on a loamy plains range site) was stocked with 8 heifers on the basis of grass inventories and estimated amount of feed available from forbs and shrubs. The leaves of saltbush had been freeze-killed, and about 30 to 40% of the fruit had been shed by the time the cattle entered the pastures. Herbage residue when the cattle were removed from the pastures was about 350 kg/ ha.
In the summer trial, yearling cattle (initially 13 to I5 months of age) were introduced in June 1977 and remained until October 1977. The saltbush pasture (sandy plains) was stocked with 12 head, and the herb pasture (loamy plains) was stocked with 9 head. Summerlong forage production was not measured. In midOctober, herbage residue was estimated to be 320 and 305 kg/ ha on the 2 respective pastures. The amounts of herbage residue and cattle gains both indicated slightly heavier than moderate grazing intensities (Bement 1969) .
Consumption of plant species by cattle was estimated by fecal analyses. Fecal samples of approximately 2 g were collected at intervals of 4 to 6 weeks from 20 cattle defecations chosen randomly from a site near the water tank in each pasture. Sample sites were cleaned of all cattle feces following each collection. Fecal samples within each sample period and pasture were cornposited.
Plant species in feces were identified and quantified microscopically using procedures described by Sparks and Malechek (1968) . Five slides were made of each cornposited sample, and 20 microscopic fields were examined per slide for a total of 100 microscopic fields per pasture for each sampling period. Identification of plant fragments was carried out by R.C. Clark (who had 4 years of experience identifying species fragments, high accuracy quantifying species in mixtures of known composition, and experience with especially difficult-to-identify species). Independent identification of species on randomly selected slides by an experienced observer did not differ from those made for the study (m.05).
The percentage of classified plant species fragments in feces has been widely used to quantify herbivore diets even though the dry weight fractions of certain plant species may be slightly over-or under-estimated by the fecal analysis technique (Hansen et al. 1973 , Takatsuki 1978 , McInnis et al. 1983 , Johnson et al. 1983 ). The age of feces when sampled (from 0 to 6 weeks of age) also may have influenced estimates of diet composition in this study. A study by B.E. Dahl (personal communication) indicated that cattle feces 1 or 2 days old showed a greater proportion of easily digested species than feces 2 to 3 weeks old. Thus, it is probable that percentage composition of some species in this study, especially forbs, was under-estimated and that of other species, especially grasses, was over-estimated.
Orders of abundance of food items in cattle feces were compared by using Spearman's rank correlation coefficient (RHO). Correlation of ranks was assumed to estimate the between-pasture degree of similarity (+ value) or dissimilarity (-value) of the plant species in the cattle feces. Probability levels were assumed to be significant at the 0.05 level of confidence.
Abundance of plant species in pastures was obtained by frequency sampling (Hyder et al. 1966 ) during late July to serve as an index of the quantity of each species available to cattle. Plant frequencies are usable indices of forage availability primarily within a species or among species with similar forms and patterns of growth. In each pasture, 25 macroplots were established in a restricted random fashion so that each 2.6 ha contained a macroplot. Each macroplot was a sampling unit and consisted of three 23-m transect lines spaced at 5-m intervals. Each transect line had 25 quadrats spaced at 91-cm intervals. Quadrats for blue grama were 5. l-cm squares nested within the 40.6-cm squares used for all other species.
Latin plant names used were usually those listed by the USDA-SCS (1982) . Range sites used were the drier phases of these described by the USDA-SC& Colorado (1975 Colorado ( -1983 . Soil information, which is too extensive to include here, is available from M.C. Shoop.
Results and Discussion
Winter Trial
Six plant species comprised 90% of the diet of cattle on the winter saltbush pasture on the sandy plains/ overflow sites (Table  1) . Saltbush was the major forage selected. The other 5 major plant species (XZ5%) in the diet, in ranked order, were: western wheatgrass, sand dropseed, sedges, blue grama, and fringed sagewort.
Eight forages accounted for an average of 88% of the species selected by cattle on the winter herb pasture on the loamy plains site (Table 1 ). The 8 major forages, in ranked order, were: sand dropseed, sedges, goosefoots (primarily narrowleaf goosefoot),
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western wheatgrass, red threeawn, blue grama, small soapweed, and fringed sagewort. The orders of abundance of cattle foods in the diets from the 2 winter pastures were not correlated (RHO=+O. 10). The correlation coefficient (RHO=+0.25) increased only slightly when saltbush was deleted from the data. These low diet correlations were caused by the differences in species abundance and species eaten. The coefficient of community similarity (Spatz 1970 ) between pastures (calculated for the frequencies of those species in the diets except saltbush) was only 39%. Cattle in the 2 pastures ate different amounts of fringed sagewort, small soapweed, sedges, and goosefoots, relative to the frequencies of each species in the pasture.
Summer Trial
Seven forage taxa comprised 84% of the diets of cattle on the summer saltbush pasture on the sandy plains site (Table 2) . These were, in ranked order: sand dropseed, western wheatgrass, saltbush, blue grama, goosefoots, sedges, and scarlet globemallow. Saltbush was moderately abundant in the pasture (8% frequency), although it was less abundant than in the comparable winter pasture.
Six forage taxa accounted for 82% of the summer cattle diets from the herb pasture on the loamy plains sites. These were, in ranked order: blue grama, sand dropseed, goosefoots, sedges, scarlet globemallow, and western wheatgrass.
The orders of abundance of cattle foods in the diets from the 2 summer pastures were not correlated (RHO=+0.51). However, when the saltbush data were deleted, the diets were correlated (RHO=+0.84), indicating that cattle were selecting similar foods in both pastures independently of the presence of saltbush. The latter diet correlation was surprisingly high considering that the coefficient of community similarity was only 38% for the species in the diet other than saltbush, and considering that although the winter pastures had a similar coefficient of community similarity (39%), their diets were not correlated. Cattle in the herb pasture ate more red threeawn, western wheatgrass, goosefoots, and scarlet globemallow and less sedges than cattle in the saltbush pasture, relative to the plant frequencies.
Both Trials
Saltbush was a major component of cattle diets (x-23%) on both winter and summer saltbush pastures. It was consistently a major food during winter.months, reaching peak consumption during March when it comprised 55% of the diet, and declining in early spring to near its seasonal average of 32% (Table 1) . Percentage composition of saltbush in diets varied greatly during summer months, most notably falling to none during July, peaking abruptly during August (42%), and falling abruptly during September (13%) ( Table 2 ). The authors found no other data concerning within-season time of cattle grazing of saltbush on range where it was dominant. On pinyon-juniper range in New Mexico, where it was sparse, it appeared in diets in January, April, June, and October (Thetford et al. 1971) . Pfister et al. (1984) indicated that on year-long shortgrass range in New Mexico having a small amount of fourwing saltbush, consumption of saltbush peaked at near 23% of the diet in late June, but became a minor dietary constituent later in the summer.
Fringed sagewort was an important food during winter, but of minor importance during summer. Cattle on winter pastures ate sagewort primarily during March and April. Consumption of sagewort increased as more preferred species became less available, a trend in forage selection observed in several other studies of species preferences (Doran 1943, Springfield and Reynolds 195 1, Pieper et al. 1959) . Cattle may have eaten more sagewort than normal during March and April, especially on the loamy plains site, when snow depth was about 18, 2, 4, 1, and 13 cm from 5 separate snowfalls. Reppert (1960) reported increased consumption of sand sagebrush (Artemisia jZifoIia Torr.) when snow covered short vegetation. Rice and Vavra (1970) observed 21% sagewort in dietary samples collected during December from a lightly grazed summer pasture, but the cattle may not have been completely adapted to the pasture. Summer consumption of sagewort peaked at low levels during July. Vavra et al. (1977) reported greater consumption of sagewort on nearby herb pastures (loamy plains) during August than during June or July, and a June through August consumption similar to that on the loamy plains site in this study (Table 3) . Klipple and Costello (1960) reported only 15% utilization of sagewort on summer pastures at CPER where blue grama utilization was 63% Small amounts of sagewort appear to be an asset on shortgratis range, especially on loamy plains sites and on winter range. position on shortgrass range.
Plains pricklypear was eaten sparingly only during early winter. Maximum consumption was on the saltbush pasture during December-January (1.2% of the diet). Kautz and Van Dyne (1978) are the only researchers for the area to have reported plains pricklypear in diets (O.lo/$, although cattle have been observed to eat it when moisture made the spines lax at the base (Hyder et al. 1975 ).
Consumption of small soapweed was appreciable during April, especially on the loamy plains site (Table 2) . Also, consumption of soapweed was notable during August on the sandy plains site, where it was relatively more abundant, because of the inclusion of a small, break site in the pasture, than on the loamy plains site (Table  2) . Although relatively abundant in a few small areas, soapweed overall had a low frequency on the pastures. Thus, cattle showed a pronounced preference for small soapweed during late winter and August. Cattle on many ranges have ingested leaves of soapweed species during late winter and inflorescences during summer (Reppert 1960, Herbel and Nelson 1966, Rosiere et al. 1975 ). In small quantities, soapweed is a desirable component of the species corn Although available in appreciable amounts, broom snakeweed, rubber rabbitbrush, and speading wildbuckwheat were never present in diets in significant amounts (UT0 in any sample). Vavra et al. (1977) reported that spreading wildbuckwheat constituted about 8% of diets during July and August on CPER loamy range, where it was more abundant than in this study area and where 1 of the 2 pastures was heavily grazed. Kautz and Van Dyne (1978) reported diets on CPER containing nearly 2% broom snakeweed and about 0.5% rubber rabbitbrush. Klipple and Costello (1960) found that utilization of broom snakeweed and rubber rabbitbrush on summer range rose sharply to about 20% when utilization of blue grama reached 46% and 56% respectively for the 2 shrubs.
Compared to their frequencies in the pastures, large quantities of sand dropseed and small quantities of blue grama were consumed (Tables 1 and 2 ). However, the amount of a species selected by livestock is sometimes greatly disproportionate to the amounts of it available (Heady and Tore11 1959). Also, frequency is only a , general indicator of species availability. In this study, consumption of blue grama on the loamy range site during June through September was about 45% lower than that reported by Vavra et al. (1977) , but it was 75% greater than that reported by Hansen and Gold (1977) (Table 3) . Hansen and Gold (1977) also found about 70% more blue grama consumption during winter than occurred in this study. Relative to amounts of sand dropseed observed in diets of this study, Vavra et al. (1977) rported much less consumption during June through August (X<l%); and Hansen and Gold (1977) reported about one-half as much consumption during summer and winter (Table 3 ). More research is needed to understand the relative amounts of blue grama and sand dropseed consumed by cattle on these ranges and the situations that influence the relative proportion of the 2 species. Red threeawn provided food primarily during late winter on the loamy plains site, where it was relatively abundant. Data were not collected during May, when red threeawn made its early growth and should have been least coarse. Its pattern of consumption was similar to that of sagewort: It probably was consumed primarily when more preferred forages were scarce, and it may have provided cattle on the loamy plains site with forage during March and April following snows. Most red threeawn herbage remains ungrazed at the end of the forage year on shortgrass range (Klipple and Costello 1960, Hyder et al. 1975) . Thus, shortgrass range should be managed to minimize the amount of threeawn in the species composition (Hyder et al. 1975) .
Results from this and other studies in the area confirm that western wheatgrass is a preferred cattle forage, especially during spring and fall when it makes most of its growth (Quinton 1972 , Hansen and Gold 1977 , Vavra et al. 1977 , Kautz and Van Dyne 1978 . Ranges well adapted to western wheatgrass usually should be managed to maintain productive stands. However, in the drier half of the shortgrass plains, where little spring and fall precipitation is received, western wheatgrass is usually adapted and productive only on soils with high permeability or where moisture is received from other areas or sources (Hyder et al. 1966 , Hyder et al. 1975 .
The sedges were important in winter and summer diets, especially on loamy plains sites where they were more abundant than on sandy plains/ overflow sites. They were eaten primarily during the November-December period when the cattle first entered the pastures, after which consumption declined until April, then increased appreciably. Consumption of sedges generally declined summer-long from the peak consumption during June. Sedges are a preferred species during early spring when they provide forage before other species have edible new growth (Hansen and Gold 1977; Shoop, unpublished data) . More sedges were consumed on loamy plains during June through August in this study than Vavra et al. (1977) found at CPER; sedge consumption was about 60% less than Hansen and Gold (1977) reported for nonspecified sites on CPER (Table 3) . Sedges, in moderate stands, are valuable forages on shortgrass range, but Hyder et al. (1975) reported that needleleaf sedge was nonresponsive to nitrogen fertilizer or to month of repeated heavy grazing.
The goosefoots (about 90% narrowleaf goosefoot) were a surprisingly large component of cattle diets. Hyder et al. (1975) reported May and June to be about the only months when cattle could be forced to graze narrowleaf goosefoot when different pastures were heavily grazed during each of the 12 months. Streeter et al. (1968) reported that Chenopodium prutericolu (apparently narrowleaf goosefoot, USDA-SCS 1982) constituted over 30% of esophageal samples collected from sandy range in western Nebraska during June and early July, about 47% at the end of July, and about 15% during late August. In comparison, this study found goosefoots in fecal samples rising progressively on both pastures from about 0% during June to about 30% during September. The goosefoots were one of the 3 most eaten species on the loamy range site during early winter.
Scarlet globemallow was a minor component of winter diets as Rice and Vavra (1970) and Hansen and Gold (1977) found on other pastures at CPER. During summer, it consistently was one of the 5 most prevalent species in diets on the loamy plains site; it was a minor species in diets on the sandy plains site at all times. Average consumptions of scarlet globemallow during June through August on loamy plains were similar to that observed nearby by Vavra et al. (1977) . The latter authors reported nearly twice as much of it in diets during July as during June and August; in this study consumption of scarlet globemallow was rather static during those months. Research on methods to increase production of scarlet globemallow seems warranted (Hyder et al. 1975) .
Common russianthistle has been considered a desirable forage at CPER, especially during late summer and fall after grasses have matured (Klipple and Costello 1960, Hyder et al. 1975) . Consequently, we were surprised that russianthistle constituted less than 2% of the diets during all sampling periods. These conflicting results may indicate that consumption of russianthistle varies among years and seasons. Possibly russianthistle was not detected in diets because of an artifact of the technique used, although the relatively low digestibly of russianthistle would seem to ensure its presence in the feces if consumed (Cave et al. 1936 , Vavra et al. 1978 , Vavra and Holechek 1980 , McInnis et al. 1983 , Johnson et a. 1983 . Rosiere et al. (1975) reported that russianthistle was not always identified in esophageal samples even though it was being grazed during the general sampling period. dance of the species. In this study, saltbush, fringed sagewort, and small soapweed each provided appreciable portions of diets; rubber rabbitbrush and spreading wildbuckwheat never contributed to diets. Others also have reported that some shrubs furnish appreciable amounts of food while others furnished little or none (Herbel and Nelson 1966 , Cook and Harris 1968 , Lesperance et al. 1970 , Thetford et al. 1971 ).
In both winter and summer pastures, graminoids constituted the bulk of diets during early months of the grazing season. As the season advanced, and the more preferred graminoids were increasingly utilized, cattle more readily ingested such shrubs, forbs, and less preferred grasses, as fringed sagewort, goosefoots (during summer), and red threeawn (Tables 2 and 3) . Others have also noted that cattle increase consumption of less preferred species as more preferred species become increasingly scarce (Doran 1943 , Springfield and Reynolds 1951 , Pieper et al. 1959 . Nevertheless the appreciable consumptions of saltbush on sandy plains/ overflow sites during both winter and summer, and of goosefoots on the loamy plains during early winter, indicated that these species were relatively preferred at those times. Saltbush was more preferred than goosefoots throughout winter because cattle on the sandy plains/overflow sites never ate an appreciable amount of goosefoots, whereas, cattle on loamy plains sites did.
Despite lack of agreement among researchers about cattle peference for blue grama on the central shortgrass plains, all data indicate blue grama provides a sizeable portion of diets. It is especially well adapted to the climate of the central shortgrass plains (Hyder et al. 1975) , probably more so than any other important grass. Consequently, blue grama should be a major species for composition goals of management and for mixtures of native seed used to revegetate land.
Western wheatgrass is a species highly preferred by cattle. It is best adapted to the same sites as saltbush, and also to wetter sites, and should be managed for optimum production of those sites. Sedges are a valuable adjunct to shortgrass range species, especially on loamy plains range sites. Small soapweed, fringed sagewort, and goosefoots contributed to cattle diets during some periods; small amounts of these species in pastures are desirable. Red threeawn is not a preferred species for cattle and should'be managed against, especially on summer pastures.
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During at least I period of the grazing season, shrubs constituted a major portion of dietary composition on both of the winter pastures and on the summer saltbush pasture (period maximums = 46 to 69%). Forbs also contributed appreciably to dietary composition during at least 1 period on both of the summer pastures and on the winter herb pasture (period maximums = 21 to 47%). Shrubs and forbs collectively constituted at least one-third of the diet during at least 2 periods on each of the 4 pastures.
Good stands of saltbush should be managed to maintain their productivty (Foster et al. 1921 , Cook et al. 1977 . Moderate winter grazing of saltbush on shortgrass range maintains denser and more productive stands than summer or year-long grazing (Pieper and Donart 1978, Shoop unpublished data) . Trlica et al. (1977) and Buwai and Trlica (1977) found that saltbush plants produced less herbage and shorter seedstalks and twigs following defoliation while growing, especially while setting seed, than following defoliation while quiescent. Saltbush stands grazed while growing should be rested periodically, especially when defoliation is during late summer and early fall or is heavy (Klipple and Costello 1960 , Trlica et al. 1977 , Buwai and Trlica 1977 , Pieper and Donart 1978 . Consideration also should be given to re-establishing saltbush on sites where it is well adapted. The contribution of shrubs and half-shrubs to cattle diets varies with inherent qualities of the individual species on a location and with factors specific to a situation, such as succulence and abun- 
